In fungi, the sex-determination program universally directs sexual development and 39 syngamy (the fusion of gametes) that underlies pre-meiotic diploidization. However, 40 the contribution of sex-determination to syngamy-independent sexual cycle, which 41 requires autopolyploidization as an alternative approach to elevate ploidy before 42 meiosis, remains unclear in fungi and other eukaryotes. The human fungal pathogen 43 Cryptococcus neoformans, as a model organism for studying fungal sexual 44 reproduction, can undergo syngamy-dependent bisexual and syngamy-independent 45 solo unisexual reproduction, in which endoreplication is considered to enable pre-46 meiotic self-diploidization. Here, by characterizing a mutant lacking all the core sex-47 determination factors, we show that sex-determination plays a central role in bisexual 48 syngamy but is not strictly required for unisexual development and self-diploidization. 49 This implies an unknown circuit, rather than the sex-determination program, for 50 specifically coordinating Cryptococcus unisexual cycle. We reveal that syngamy and 51 self-diploidization are both governed by the Qsp1-directed paracrine system via two 52 regulatory branches, Vea2 and Cqs2. Vea2 directs bisexual syngamy through the sex-53 determination program; conversely, Cqs2 is dispensable for bisexual syngamy but 54 activates unisexual endoreplication. Through functional profiling of 41 transcription 55 factors documented to regulate Cryptococcus sexual development, we reveal that only 56 Cqs2 can drive and integrate all unisexual phases and ensure the production of 57 meiospore progenies. Furthermore, ChIP-seq analysis together with genetic evaluation 58 indicate that Cqs2 induces unisexual self-diploidization through its direct control of 59 PUM1, whose expression is sufficient to drive autopolyploidization. Therefore, Cqs2 60 serves as the critical determinant that orchestrates Cryptococcus multistage unisexual 61 cycle that does not strictly require the sexual-determination program. 62 63 64 65 66 67 68 69 70 71 Introduction 72
previously established that the intercellular cascade directed by Qsp1, a quorum sensing 178 peptide [37, 38] , acts as the important intercellular pathway that affects unisexual 179 filamentation and sporulation via an atypical zinc-finger regulator Cqs2 [39] . BMS 180 analysis also indicated that the absence of Qsp1 greatly reduced the population of 181 mature basidia during unisex ( Figure 1E ), suggesting its engagement in basidial 182 maturation. To further corroborate the importance of Qsp1 in unisexual reproduction, 183 we examined the impact of Qsp1 on unisex-specific endoreplication ( Figure 1G ). Figure S2C ).
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To identify the regulon of Vea2, we utilized a high-coverage strand-specific RNA-233 sequencing analysis to compare whole-genome expression between wild-type and the 234 vea2Δ mutant at 12 hours after sexual induction, when a majority of genes responsible 235 for early sexual events (such as syngamy) are induced based on our previous study [16] . 236 We identified 54 protein-coding genes that displayed markedly altered expression in 237 the absence of Vea2 (Table S2 , log2|fold-change| > 1.0, q value < 0.01, TPM (transcripts 238 per million mapped) > 5). Significantly, there is a great overlap between the targets 239 controlled by Qsp1 and Vea2, respectively (P = 5.44 × 10 -4 , Fisher's exact test), 240 verifying the role of Vea2 as an important target of Qsp1 ( Figure 2D ). We found that 241 ~70.3% of the Vea2 regulon exhibited evident transcriptional response to the external 242 cue that induces cryptococcal sex (P = 3.10 × 10 -4 , χ2), pointing to the specificity of 243 Vea2 in cellular response to sex-inducing cues ( Figure 2E ). This conclusion is further 244 corroborated by GSEA analysis, which showed a significant enrichment of early sex-245 responsive genes among the Vea2 regulon (P < 0.01, permutation test) ( Figure 2F ).
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Especially, many genes induced by Vea2 belong to the mating MAPK pathway, the key 247 cascade for early mating response and syngamy, whereas none of Vea2 targets are from 248 other well-known cascades ( Figure S2D ). Furthermore, the expression of all α identity 249 genes were significantly reduced in the absence of Vea2 ( Figure 2G ), echoing the qRT-250 PCR results ( Figure 2C ). These data together support the requirement of Vea2 as a 251 downstream circuit of the Qsp1 cascade for the expression of sex-determination genes 252 and bisexual syngamy. 253 We next examined whether Vea2 is also critical for unisexual development. Despite Figure S2E ). Furthermore, post-meiotic 258 sporulation can be detected when the α vea2Δ mutant was grown alone on V8 agar to 259 stimulate the unisexual cycle ( Figure S2F ). For instance, a strong enhancement of self-filamentation was observed in response to 277 the increased Cqs2 expression ( Figure S3B ). Furthermore, the BMS analysis indicated 278 a great increase in mature basidia in the PH3-CQS2 strain compared with the XL280α 279 strain, while the disruption of CQS2 led to a significantly reduced population of mature 280 basidia during unisexual development ( Figure 3B ; the PH3-CQS2 strain: 95% CI: 0.14, 281 0.34, P = 5.33 × 10 -6 ; the cqs2Δ mutant: 95% CI: -0.17, -0.03, P = 4.95 × 10 -3 , two-282 tailed Student's t-test). In addition to these differentiation events, we showed the Figure 3D ). Using 288 this approach, we found that nearly 100% mini-colonies of the overexpression mutant 289 produced hyphae with sporulated basidia at only 3 days after unisexual stimulation, Figure 3E) . Moreover, the germination of unisexual spores was not attenuated in the 295 PH3-CQS2 strain, which exhibited a germination rate even higher than that of the wild-296 type strain ( Figure 3F ), suggesting physiological normality in the spores derived from 297 the strain with overexpression of Cqs2. Additionally, CQS2 overexpression was able to 298 largely restore the defect in the unisexual cycle to produce basidiospores in the cqs1Δ 299 mutant, suggesting that Cqs2 can successfully drive the unisexual cycle even in the 300 absence of Qsp1 ( Figure S3C ). 301 We next ask whether there exist other TFs that likewise exert specific function on the Table S3 ; P = 5.32 × 10 -42 ), which were further analyzed to determine the accurate 330 direct regulon of Cqs2 and its binding motif during unisexual reproduction ( Figure 4C ).
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Based on the ChIP-seq analysis, Cqs2 does not directly bind to the promoter regions of 332 any sex-determination genes ( Figure 4D ), again supporting its dispensable function on 333 syngamy that strictly requires sex-determination system. Expectedly, the direct regulon 334 of Cqs2 includes multiple genes involved in various stages of the unisexual cycle, 335 including filamentation, basidial formation, meiosis and sporulation ( Figure 4D ). 
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